Ansaldo Energix s.p.a

RELIEF DEVICE DESIGN

VALVE BOX AND CRYOSTAT

There are some anomalus stress that the solenoid must sustain without
damaging itself .

a) RUPTURE IN LIQUID HELIUM LINE - rule CGA S-1.3 §4.9.1.1

b) PRESSURE INCREASE DUE TO FIRE CONDITION in liquid helium
line — rule: CGA S-1.3§5.3.5

¢) LOSS OF VACUUM — rule CGAS-1.3§4.9.1.1

d) VACUUM VESSEL RELIEF DEVICE — rule CGA 341 § 6.4.2

For the design it was used two references:

1) The Appendix A of the book "Thecnology of liquid helium" treating
the "Sizing of relief devices" relates to the CGA rules and
investigates in detail the following cases:

o Sizing for fire condition
e Loss of vacuum (no fire)

2) "SAFETY ASPECTS FOR LHE CRYOSTAT AND LHE
TRANSPORT CONTAINERS" by W. Lehmamm and G. Zahn ICEC7
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Ansaldo Enexgia s.p.a.

GENERAL EQUATION

Qa= const, (UA(2 -t))) —> UA(&2 - 1) is the heat power going to the
surface of liquid helium.

or
Qa=Gi(@1200F) UA
with:

Qa = flow capacity in cubic feet per minute of free air

t2 = temperature of external wall in F

t = temperature of gas at flow condition in F

Gi = gas factor for insulated container

U = (Thermal conductivity of insulation / thickness of insulation) in
Btu/(hr {2 F)

A = total outside surface area of the container in square feet
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Ansaldo Energla s pa

a) LOSS OF VACUUM with helium

The rule gives a minimum required capacity of the pressure relief valve for
helium line:

Qa=(130-1)/4(1200-t) * GiU A

From ref. 1 for helium asssuming:

relief valve pressure of 70 psig (5.8 abs bar)

\
Qa=0.00787 (UA (100-t)) with:
t =-445F (8.15K)
or ‘
Qa(Nm3/h) = 0.0455 P(W)
P =k int.(80K-4.2K) A/1=363 W  with:
kint=291 W/m
A=786m2
1=0.063 m

Qa = 16.5 (Nm3/h) of air
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Ansaldo Energis s.p.a-

b) FIRE CONDITION (with helium in insulation)
From ref. 1 |
Qa=GiU(100 F) A**  with;

Gi=525
[ (300K~4.2K) = 0.135 m
U=k(100 F)/1=0.16/0.135 = 1.19 W/(m2 K) = 1.19%0.305/1.73 =
0.210 BTU/fR2 h F
A=17.86m2=2846ft2

Qa =420 SCFM of air = 420 * 0.0283 * 60 = 713 Nm3/h of air
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Ansaldo Energla s.p.a

c¢) LOSS OF VACUUM with air
From ref. 2
P = (cryost. with superinsulation) 50 kW

Qa =2275 Nm3/h of air
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Ansaldo Energlas.p.a

d) VACUUM VESSEL RELIEF DEVICE

rule CGA 341 § 6.4.2 — Discharge area > 0.34 mm2/kg of the water
capacity

Psetpoint<1.6 barg

Viot=V cryé + V valve box + V chimney - V cold mass

V cryo= 135001

V valve box =5551 -321=5231

V chimney = 65 1

V cold mass = 2490 1 +231=2513 |

Vitot=115751
P water = 11575 kg
Discharge area = 0.34 * 11575 =3935 mm2

®>71 mm->DN100ISOK
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Ansaido Energia s.pa

CONCLUSION

RELIEF DEVICE for helium pipe
Qa max > 2275 Nm3/h of air
3

DN 40 in / DN(50 out) > 2657 Nm3/h=kg/h_
65 Ovr

RELIEF DEVICE for vacuum vessel
@ >71 mm

\
DN 100 ISOK —» @ =100mm
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g Foglio
fil LIQUID AND TOTAL HELIUM VOLUME [

Ak SINGLE |TOTAL

: mm3 ; b -
height liquid lead mm |l 316 volume liquid lead vii [ 4.30E+06] 4.4} 88
height {ead mm _thj 367 volume total lead vi |{510E+06] 5.1 Z102
diameter lead mm {dl 133 D
number leads ol 2 '

% mm3 {
height liquid reservoir mm |hir 266 volume liguid reservoir vir |1.39E+07| 13.9] 13.9
height reservoir mm jhr 417 volume toltal reservolr v 2.18E+07] 218 7 21.8
digmeter resetrvoir mm [dr 258 N1

- }
diameler plpe circuit mm dci 20 fenght 1 circuit mm |ici 5.06E+03
diameter circuit mm jdc 3220 section circuit mm2|sc 3.14E+02 =
number circults nci 22 volume circuit vci | 1.59E+06 1.6] (349

%g%;. S’
iengft collector mm |lco 3500
secticn collector mm2|sco 16856 volume collector vco | 5.80E+08] 5.8] 118
number collector nco 2 :

h volume liquid vli 6.92e+07| 69,
R volume total vt 7.85E+07 (’%8.5 )

e mm m2 S

surface leads s 3.346+05] 033430481\
surface reservoir sr 3_90E+05 039007278} )
diameter extemnal pipe circuit |dce | 30.0 N—— i
surface circuits sei 1.058+07 p— §
surface exposed oulside scl_o 7.86E¢061 7.85760822]. } '
sufface coilector SC0 trasc. ] -
surface total st 1.91£+07| 8.58198581
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RYA (0°C) PORTATE LN K¢/h CON BOVEAPPRESSIONE DEL 10% VAPORE SATURO POETATH IN K¢ /b COX BOWH? DEL30%" |

; (Formale ISPESL Bacealta 1) (Formmle IEFRSY KaccaRg By~ + /&5,

AR (0°C) /nnmvmma WITE 10% OVERPRESSIRE SATURED VAPOR. xg/nnunmmm WITH 10% OVERPRESSURN

. (ISPELY Yormndlas. Gollaction XY . . ) e meﬂl%w

AR (0°C) nnmwxg/nmcsnm}ussxonnu 10% vmm DKBMWMMWHD‘HO%‘ st
(Formules ISPESL Bacolte ) . (Yormuiss ISPESL Ricolta X)

LOFT (0°G) DUECHYLUSSN IN K¢ /1 BEL 10% UBEBDEUCK SATTDAMEY DURUE¥LOBSE IN K¢/h DAY 10% URKRDRUCK. - | -~
(ISPESL-Yormel Sammiung E) (MEPESL-Furtaeln SammMungEy . - -

YIP0 DIVALVOLAE AREADIMNTRATA | . !

TTPO DI VAYWOLA E ARRA D ENTRATA PRESTIONNDT  BXLAYIVN I !
- ——— . WA v b SV Y W ATTS A

P e LT L Y l
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ATR (0°0) DEBITS BN K¢/h AVAC SURPRRSSION DU 10% VAPEUR SATURER DEEITY KN R¢/h AVEC SUBFRBSEION DU 104
(Formmules ISPESL Bioolte ¥) ) (Tormules ISPESL Ricolts £) :
LOFT (0°C) DURCHTLUSEN [ X¢/h BEL 10% UBERDRUCK SATTDAMPY DURUEYLOSSE IN K¢/R BEI10% UBERDRUCK . -
(SFESL-Yormels Sammiung 2) (IEPEIL-Fortaein Sammiung By
P — TIPO DI VALVOLA B ARNA I ERTRATA PEXSTIONKDE  EXLAYVE TTP0 DL VALVOLA X ARNA BT ENTRATA
w . TYPE OF VALVE AXD INLEY AREA T Ao TYPEOF VALVE AND INLET ARKA,
YTATIVE  FREASDRE YYPE DE OUPAPE ET 2051 D'ADNISSION WLANVE  PAASYURE. | oo | TYPEDHGOUPARE ETZ0NY D'ADMISCION
RRST0N  MCHNRTUE VERTILTYP UND ZUTLUSEBERRICH PRRSTON  FIGHDRUCK | WXL VENTILTYP UND ZUFLUBSEXRRICH:
wEIAERMK, IOMX  [TTE7G T 50/26 | 28/32 | 2/40 | 40(60 [ S0/38 welRRAGY LM | o | 16/20] 30728 a6/3A ] 82/40[40/30] Go/68
BXLATS 0886 | 1481 | 2,370 | 3,630 | 5,516 | 8,078 0,868 | 1,481 | 2,270 | 5,830 | 5,518 | 9,079
0,8 101 -] 167 | =266 | 423 | 643 | 1060 0,8 11,8 | 6L | 101 | 18l | 258') Dol | 644
1 156 | 228 | o87 | %71 | 86v | 1428 B 1 120,4 | ot | 134 | 213 | 341 | slg | 834
1,4 WY | e88 | 449 |- 718 | 1091 | 1798 1,8 127.6 | 10l | 188 | 286 | 428 | 647 | losd
2 206 | sal | 84l | aes | 1351 | 2168 2 1337 § 121 | 200 | 318 | 808 | 772 | 1271
2,8 241 | 599 | 833 | 10l2 | 1538 | 7633 2,8 138.0 | 141 | 263 | 869 | 591 | o7 | 1477 |
8 276 | 4b7 | 78 | 1160 | 178" | 2901 3 1437 | 161 | 268 | 42l | 673 | 1023 | leax.|.
3,5 31t | 518 | 87 | 1807 | 1988 | 3270 3,3 48,7 | 180 | 2097 | 472 | 754 | 1148 | 1847
o 4 347 | 873 | 900 | 1434 | 2R03 | 3628 4 1520 | 200 | 830 | 823 | 837 | 1R71 | 2093
4,8 382 | 831 | 00l | 1801 | 2423 | 4008 N 4,8 158,5 | 219 | 362 | 874 | 918 | 1806 | 2297
8 a7 | 689 | 1088 | 1749 3687)] 4378 5 1685 | 268 | 394 | 628 | 1000 | 1519 | 2301
N 8 487 | 806 | 1277 | 2043 | 8104 | sill ¢ 168,0 | ar7 | 458 | 7av | 1183 | 1767 { 2809
7 657 | 9al | 1467 | 2038 | 3682 | 6848 7 1708 | 516 | 522 | 616 | 1824 | no1a | 3812
8 a8 | 1037 | 1846 | 2633 | 5000 | 6988 8 176,4 | 584 | 588 | 9°8 | 1485 | 2268 | 3714"
9 g98 | 1103 | 1830 | 2027 | 4447 | 7381 9 180,0 | 353 | 880 | 1031 | 1648 | 2504 | 4122
10— 7o8 1] \270| 204 | oeal | 4Ged | e0es | 10 184,01 | 432 | 714 | 1183 | 1810 | A750 | 4828
1 55 | 1086 | 2198 | 5916 | 534z | 6798 | 11 188,0 | 4v0 | 777 | 1838 | 1971 | n9n4 | 4920
12 209 | 1s02 | 2083 | 3810 | 6789 | 9881 18 11,7 | 508 | 840 | 1533 | 2162 | 3838 | 5851
13 97a | 1618 | 2587 | 4109 | 6az6 | 10268 18 1961 | S46 | 902 | 1432 | 2200 | 3478 | 5728
14 Toas | L734 | a7sl | 4399 | 6e84 | 11008 14 196,35 | 884 | 948 | 1512 | 2450 | 8722 | 6127
18 110 | 18%0 | 7835 | 4894 | 7181 | 1174l 16 2014 | 623 | 1029 | 1633 | 2811 | 3968 | 6530
ACQUA SURRISCALDATA FORTATE IN Kcal/h CON SOVRAPFRESAIONH DEL 10% ACQUA CALDA PORTATE X Keal/h
(formuls ISPESL Baooolta E) (max 100°C) (rormule ISPESL Baccalta B)
O VERHEATED WATER  Kcal/h DELIVERIBS WITE 10% OVERPRISAURE | | HOTWATER \_ Keal/R DELIVERTES
(1SPESL Formulas Collsction B) (100°C max) (159£8L Pormutas Collection 7)
HAY SURCHAUTIER DEBITE BN Keal/h AVEC SURPRESSION BT 10% BAU CHAUDE DERITS XN Keal/B
(Formules ISFESL Becalie K) (100°C max) (Yormules ISFESX: Rivolta B)
DRUCKHBISSWASSE  DURCHFLUSSEIN Keal/m BEX10% (RERDRUCK HEIS§WASSER DURCHYLUSER IN Xeal/h-
aspnsn—rumein Sammlung H) (max 100°C) (15PRSL-Formein Sanminng B)
vREssTONR DI BELATIV TIPO DI VAXVOLA § ARNA D ENTEATA PRESSIONEDL  RILATIVE TR0 DI VAIVOLA ¥ AREA D ENTRATA
%ﬂ TS, - TYPE OF VALVE AXD DLET AREA TARATURA oy TYPH 0¥ VALVE ARD INLET ARZA -
EXLAYIVY  PRESSURS YR DY SOUPAPY BT Z0NE D'ADMISSION EXLATIVI  PREGEURK TYPY DY SOUPAYE BT ZONE I ADMISEION
PUESSTON | IICHORUCK VENTILTYF UND ZUFLUSSEEREICH PRESMON  EIGENRUCK VENTILTYP UND 2U¥LUSSRERRIGH Vs
pengouEAl. B - [TIg7aG | a0/28 | 29/62 | 32/40 | 40/60 | 50/68 UWTALORNAaY. INBAR - [715/20 | 20/38 | 28/38 | GA/A0 | 40/50 | §0/86 |
0,868 | 1481 | 2270 | 2,830 | 5,518 | 9,079 RELATIFS 0,668 | 1431 | 2,270 | 3,080 | 8516 | 9,079
1 48007 | 71320 | 113887 | 180944 | 275040 [ 465148 1 38761 | B40BO | 101603 | 163476 | 248847 [ 406414
1,8 56506 | £8312 | 140779 | 224976 | 341818 | 863118 3 87627 | 98089 | 160782 | 241138 | 566383 | 608171
2 &3786 | 106468 | 167723 | 268047 | 407472 | 871403 5 76804 | 124788 | 197915 | 318490 | 480830 | 791862
2,8 74081 1122617 | 195086 | 510887 | 471662 | 776904 4 04138 | 158581 | 246751 | 304860 | 590487 | 987007
3 5736 | 189063 | 321266 | 382707 | 636012 | 882081 3 111814 | 184288 | 298308'| 487432 | 710186 | 1168324
3,8 93680 | 188077 | 243706 | 593230 | 897146 | 983388 8 120438 | 213663 | 530263 | 542888 | 824208 | 1387136
4 108107 | 170170 | 270270 | 433431 | 867166 | 1081878 7 147926 | 244458 | 587783 | 620083 | 942062 | 1681012
4,8 112455 | 166066 | 298016 | 472129 | 717308 { 1181867 8 166667 | 278046 | 441868 | 708585-| 1073501 | 1767452
8 121804 | 202168 | 520891 | 512846 | 778922 | 1462004 8 186658 | 307114 | 487176 | 779083 | 1183803 | 1946707
[ X 131420 | 217196 | 3447885 | $51808 | 837784 |1379613 10 201546 | 833707 | BA7776 | 843873 | 1262R3718111100
[} 140776 | 232992 | 360863 | 821088 | 897631 | 1477904 11 219645 | 362053 | 876754 | 920700 | 1396804 2503018
8,8 140686 | 247668 | 393422 | 628800 | 986824 | 1573889 18 241614 | 593249 | 633380 | 1012770 | 183668 | 2633320
7 (87792 | 280721 | 418028 | 868853 | 1015606 | 1672588
7,8 [ 168284 | 278022 | 440967 | 708093 | 1072438 | 1768317
8 177199 | 205244 | 464868 | 743464 | 1188641 | 1860104 i RELATIVI ber RELATIVY'
L 8,8 186064 | 507653 | 488181 | 781138 | 1186382 | 1963364 RELATIVE bar - AELAYTVE bar- "
9 104820 | 372037 | 811428 | 817998 | 1242090/ 2048680 bar BELAYIFS bix EXLATIFS'
9,8 503624 | 030671 | 034460 | 694997 | 1200151 |2138452] | BAR UBERDRGKKR BAR URERDRTKICH
TTT0N o . | B17B10 | 561368 | 667340 891176 [1364284(8380R60 i | EIRSS 1T T L o V8% wmiper Lo oo dn s stn | ol OpBrimanen
11 250600 | 576380 | 601957 | 968006 | 1463625 2a0ataa] | - & [ Lagrmr |t T ST (), 4 BHHETIE
12 246796 | 408216 | 847648 |1034170( 1674082 2501861 3 0,08 ) 0,39
18 283752 | 436681 | 602623 | 1107387} 1682636 | 2770080 4 017 10 0,56
14 280820 | 464223 | 756402 | 1178089{ 1790182948628 5 0,68 1 0,33
18 207408 | 491888 | 780108 1248174 1896054 | 3181350 [ 0,88 12 , 0,30 *
280 0N LPLOEZEYBTS « BNONTD  (Bld) YIDY3NT 00 WSNY Se:6T 562128



